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Introduction 
The major chemical factors determining concentrations and losses of agricultural chemicals 
from cropland are their persistence and adsorption to soil. The major hydrologic factors are rate 
and route of infiltration. The major management factors are the rate, method, timing, and choice 
of applied chemicals; cropping; and tillage system. To determine the "Best Management 
Practices" (BMPs) to reduce chemical losses, their mechanisms of interactions with the soil and 
management practices must be understood. Depending on soil adsorption, pesticides and 
nutrients can be mostly lost with surface runoff water, sediment, or water percolating out of the 
root zone (water which may return to the surface through base flow or artificial subsurface 
drainage). Erosion control is a BMP for strongly adsorbed chemicals. For moderately adsorbed 
chemicals, soil incorporation is a BMP that reduces the amount of chemical in the thin surface 
soil "mixing zone" and reduces surface runoff losses. BMPs that enhance infiltration also reduce 
surface runoff losses. The route of infiltration (e.g., through "macropores") can allow chemicals 
to percolate through the root zone more quickly than normally expected, resulting in 
"concentration spikes". However, for moderately adsorbed chemicals, leaching losses are usually 
much lower than with surface runoff. For weakly or non-adsorbed chemicals, primarily nitrate-
nitrogen (N03-N), increased infiltration may increase losses. BMPs that reduce the rate or 
improve the timing of nitrogen (N) applications relative to crop requirements can reduce leaching 
losses. N03-N concentrations are usually much lower in surface runoff than in drainage from the 
root zone; however, if root zone drainage dominates surface water resources, concentrations in 
excess of the drinking water standard are likely. In the following sections, using atrazine and 
N03-N as main examples, the importance of chemical, hydrologic, and management factors on 
concentrations and losses with surface runoff and shallow subsurface drainage will be further 
discussed. A major new project underway to further our understanding and develop and refme 
additional BMPs will be discussed. 
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Chemical Factors 
The two primary chemical factors affecting the fate of soil-applied agricultural chemicals 
(i.e., pesticides and fertilizers) are persistence and adsorption to soil. Persistence of a pesticide is 
determined by its properties; including how recalcitrant it is to microbiological and/or chemical 
breakdown; its solubility, which may affect its availability to be broken down or lost with water; 
and its vapor pressure which affects potential volatilization losses to the atmosphere. 
Volatilization can be a particular concern when the pesticide is applied to crop residue rather 
than to the soil where it can be adsorbed. As a first approximation, pesticide disappearance is 
assumed to be a first-order reaction, which means the rate of disappearance is proportional to the 
amount present. The proportionality constant is inversely related to "half-life," which is the time 
it takes for half the pesticide to disappear. For fertilizers (i.e., nutrients), the terms persistence or 
half-life may not be as appropriate, but nutrients also undergo transformations such as N 
mineralization [conversion of organic N to ammonium-nitrogen (NH4-N)], nitrification 
(conversion of NH4-N to N03-N), and denitrification (conversion of N03-N to gaseous N 
compounds) all of which affect the amount of N03-N present in the soil profile at any time. 
The degree of soil adsorption is not only important in reducing possible pesticide or NH4- N 
volatilization, it largely determines how agricultural chemicals may be transported with excess 
water from treated fields. Based on their soil adsorption, chemicals can be grouped as (1 ) 
strongly adsorbed, lost mostly with sediment; (2) moderately adsorbed, lost mostly with surface 
runoff water; and (3) weakly or non-adsorbed, lost mostly with percolating water. As a first 
approximation, the concentration of a soil-adsorbed chemical is assumed to be directly 
proportional to the chemical concentration in water under equilibrium conditions in a soil-water-
chemical mixture. The proportionality constant ( defmed as K = the concentration in sediment or 
soil divided by the concentration in water) is often called the partition or adsorption coefficient. 
The properties of a chemical primarily determines its potential to be adsorbed to soil. Soil 
properties (e.g. , organic matter content, pH, and clay content) and environmental conditions 
(e.g., temperature and soil water content) exert a significant effect on both adsorption and 
pesticide persistence/nutrient transformations. 
In a field study involving atrazine and other pesticides, soil sampling was used to determine 
pesticide persistence (Baker and Johnson, 1979). The half-life for atrazine was one to two 
months while the half-lives for the other pesticides were about two weeks. The longer half-life 
for atrazine, also observed in several other studies, is the main reason, along with its heavy use, 
that it is the pesticide most often detected in surface and ground water resources today. In that 
same study, and in another using rainfall simulation (Baker and Laflen, 1979), the adsorption 
coefficient, K , for atrazine in runoff water and sediment samples was about 4. This value places 
atrazine in the moderately adsorbed category, and roughly 80% of the atrazine lost with surface 
runoff was dissolved in surface runoff water. Typically, the mass of water leaving row-crop land 
during a storm is 100 times or more the mass of sediment lost; therefore, to be in the strongly 
adsorbed category with losses mostly with sediment, K would have to be > 100. The cationic 
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herbicide paraquat is an example of a strongly adsorbed chemical where in a field study (Johnson 
and Baker, 1982) it was not found in surface runoff water, only in sediment; this despite the fact 
that paraquat is so soluble it is applied in a true solution. 
As a result of both atrazine's persistence and preferential flow through the soil (discussed in 
the next section), atrazine can be found in shallow subsurface drainage at low (ppb or mg!L) 
concentrations (DALS, 1991; Kanwar eta!., 1991; and Baker eta!., 1991). However, 
concentrations in surface runoff may exceed 1000 ppb (ppm or mg!L), and as a result, stream 
flows sampled between runoff events earlier in Four-mile Creek (Johnson and Baker, 1982) and 
now in Walnut Creek (Figure 1) in Iowa had low but detectable atrazine concentrations nearly 
continuously, with large increases during surface runoff events. 
On the contrary, a chemical such as N03-N that has a K value for soils in the Midwest of 
essentially zero has high concentrations (usually > 15 mg!L) in shallow subsurface drainage but 
much lower concentrations in surface runoff (usually < 5 mg!L; reasons discussed further in the 
next section). As a result, stream flow samples between runoff events earlier in Four-mile Creek 
(Johnson and Baker, 1982) and now in Walnut Creek (Figure 2) had consistently high N03-N 
concentrations, with large decreases during surface runoff events. 
Hydrologic Factors 
The rate and route of water infiltration into the soil during a rain storm are the primary 
hydrologic factors affecting agricultural chemical concentrations and losses by the modes shown 
in the simple schematic of a portion of the hydrologic cycle (Figure 3). A third factor would be 
the timing of the storm relative to the chemical application. 
The infiltration rate relative to rainfall rate determines the time of initiation and the 
quantity of runoff (and, by subtraction of runoff plus soil water storage from precipitation, 
determines the quantity of excess water leaching through the root zone). Figure 4 helps illustrate 
the importance of the time runoff begins as well as the route of inflltration. A fairly thin layer of 
surface soil, called the "mixing zone," often assumed to be about 1 em thick, interacts with and 
releases chemical to rainfall and overland flow. For moderately and particularly for weakly or 
non-adsorbed chemicals, the amount of chemical remaining in the mixing zone decreases with 
time and the amount of water moving through this zone during a storm. Hence, the chemical 
concentration in initial runoff water decreases with delay in runoff; furthermore, the decrease in 
concentration with time during runoff, once it begins, is primarily a result of leaching of the 
chemical from the mixing zone. Thus, initial inflltration before runoff begins leaches much of the 
soluble, non-adsorbed N03-N from the mixing zone, which explains why surface runoff has much 
lower concentrations than shallow subsurface drainage. Reduction in the amount of chemical in 
the mixing zone between the time of application and the first storm (and between storms) 
through degradation, volatilization, and/or movement by diffusion explains why chemical 
concentrations and losses (depending on runoff volumes) are generally the greatest in the first 
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runoff event after application and decrease with time during the season (Wauchope, 1978). As 
shown in Figure 4, if the surface soil becomes saturated, some water may move through 
preferential flow paths or "macropores" and leach deeper or more quickly than would be expected 
if the water had to flow through the whole soil column displacing the water below it. 
Alternatively to increasing chemical leaching, flow through macropores could reduce leaching if 
the chemical is within the soil mass or aggregates, and water moving through macropores 
bypasses the chemical. 
In a study of herbicide runoff losses as affected by crop residue cover (Baker, Laflen, and 
Hartwig; 1982), 1500 kg/ha of residue on the soil protected the surface from sealing to the point 
that initiation of runoff was delayed by 18 min and total runoff volume was reduced by 72% 
versus no residue cover. As a result of the delayed and reduced runoff, atrazine losses with 
surface runoff were reduced 83%. Furthermore, in a rainfall simulation study of herbicide runoff 
losses as affected by compaction (Baker and Laflen, 1979), recently disked plots without tractor 
traffic had 24% less runoff, and it began later than similar plots with compaction by tractor 
traffic. As a result of the delayed and reduced runoff, atrazine losses with surface runoff were 
reduced 79%. 
Macropores, whether insect burrows, root channels, or soil cracks, are thought to be 
responsible for fmding soil-adsorbed chemicals, such as herbicides, at times and depths not 
otherwise expected. Everts et al. (1989), using simulated rain, showed that surface-applied water 
with a dissolved dye that could be soil adsorbed could reach tile-drain depth (1.2 m) and begin to 
be discharged in less than 1 h. In a field study, Muir and Baker (1976) found low but detectable 
levels of four triazine herbicides in tile drainage water shortly after application, as have others 
(DALS, 1991; and Kanwar, 1991). However, the atrazine loss measured in tile drainage water 
was 0.14% of that applied (DALS, 1991) and much lower than the 1 to 3% or more that could be 
expected to be lost with surface runoff (Baker and Johnson, 1979; Baker, 1980; and Wauchope, 
1978). 
Studies with respect to macropores or preferential flow paths with anions provide a good 
indication that location of chemicals with respect to these flow paths strongly influence the degree 
of chemical leaching. Kanwar et al. (1985) and Juo and Lal (1979) found decreased N03-N 
leaching with no-till, while others (e.g. , Tyler and Thomas, 1977) found increased leaching. The 
explanation for the difference is that in the first case, the N03-N was within aggregates and 
positionally unavailable for transport and was bypassed by the water flowing in the macropores, 
while in the latter case, the N03-N was available to water flowing in macropores. Baker et al. 
(1992), in a study of the potential of using localized compaction in the zone of anion application 
to reduce water movement through that zone and thus, leaching, found that bromide leaching 
was reduced by a factor of 7 to 10 times over a surface-broadcast application. 
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Management Factors 
Of all the management factors that affect chemical concentration and losses, the rate of 
chemical application is one that has the most direct and usually the greatest effect. The method 
of chemical application can also have a major effect for surface runoff if it affects placement 
relative to the surface mixing zone, or for subsurface drainage if it affects placement relative to 
the route(s) of infiltration. Timing of chemical application relative to both subsequent storms 
and crop uptake needs (for nutrients) can affect concentrations and losses, although plant 
nutrient needs are much more predictable than the weather. Where possible, choice of chemical 
and/or formulation (or additive) used, by affecting chemical properties, can affect chemical 
concentration and losses. Cropping, by affecting the needs for tillage, moisture, nutrients, and 
weed and pest control affects both hydrology and chemical inputs and, thus, concentrations and 
losses. Tillage, by affecting erosion rates and hydrology, as well as needs for and method of 
chemical application, can potentially affect chemical concentration and losses. 
Hall et al. (1972), using a rainfall simulator, measured surface runoff losses of atrazine 
applied at six rates ranging from 1/4 to 4 times the normal rate and found that losses were 
essentially proportional to the amount applied. Baker and Johnson (1981) found that increasing 
the N fertilizer rate on corn from about 100 to 240 kglha essentially doubled the N03-N 
concentration and losses with tile drainage. Gast et al. (1978) also found that above 100 kg 
Nlha, N03-N concentrations and losses with tile drainage, and accumulations in the soil, were 
roughly proportional to the amounts of N applied. 
Baker and Laflen (1979), in a rainfall simulation study, showed that disk incorporation of 
atrazine reduced surface runoff losses by 64% compared to plots where the atrazine was surface-
applied after disking. For nutrients, Timmons et al. (1973) showed that disk incorporation 
reduced surface runoff losses of soluble N and phosphorous (P) by 49% and 77%, respectively, 
relative to a surface application. Furthermore, they showed that nutrient losses for plots where 
the fertilizer was plowed under were no greater than for plots where no fertilizer was applied. 
Baker and Laflen (1982) showed that surface runoff losses of soluble N and P were decreased by 
60 and 86%, respectively, by point injection of fertilizer about 10 em into the soil relative to a 
surface application. Hamlett et al. (1990) and Cruse and Kohler (1989) have shown that 
placement of N in a ridge has the potential to reduce N03-N leaching by the way the 
microtopography of the ridges affects the flow of water (i.e., during intense storms, some rain will 
be shed from the ridges to the valleys, decreasing the amount of infiltration through the ridges 
where the N is located). Baker et al. (1992) demonstrated that anion leaching could be reduced 7 
to 10 times by injection into localized compacted zones compared to a surface anion application. 
In a rainfall simulation study of application timing, White et al. (1967) showed that surface 
runoff losses of atrazine were reduced by 56% when the rain was applied 96 h after application 
compared to 1 h. Timmons and Dylla (1981), in an irrigation study, found NO,-N leaching 
losses could be reduced by about 20% if N fertilizer was applied in four applications rather than 
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just one. Kanwar and Baker (1991 ) found that a split application of 125 kg N!ha on continuous 
corn reduced N03-N concentrations in tile drainage about 50% relative to a single preplant 
application of 175 kg N!ha during 1990, a year with a wet spring. 
In a rainfall simulation study, Barnett et al. (1967) showed that the amine salt of 2,4-D had 
a total runoff loss 21% of that for the butyl ether ester form, illustrating the effect of movement 
of the more soluble, less adsorbed salt form from the mixing zone with initial infiltration. 
Schreiber et al. (personal communication) have shown in a column study that starch 
encapsulation reduced atrazine concentrations and losses with leachate by about a factor of three 
compared to the usual liquid formulation. With N fertilizer, NH4-N, is the preferred form of 
application because, as a cation, NH4 is strongly adsorbed. A nitrification inhibitor is sometimes 
used as an additive to slow the conversion of the immobile NH4-N to mobile N03-N. 
Close-grown crops, such as small grains or grasses, have been shown to reduce erosion by 
70% or more and surface runoff volume 11 to 96% (Baker, 1980). Relative to small grain, 
fertilizer and pesticide use is much greater on row crops in the North Central region, where 
essentially all the corn grown receives N and all the corn and soybeans grown receive at least one 
herbicide treatment. Measurements of N03-N in shallow groundwater in a row-cropped field and 
an adjacent grassed area showed that N03-N concentrations exceeded 10 mg/L while under grass 
they were < 0.5 mg/L (Baker and Johnson, 1981). 
Tillage systems, by their effects on erosion, hydrology, and chemical applications, affect 
chemical concentrations and losses. This has been the subject of a whole book (Logan et al. , 
1987). In general, no-tillage is considered to be on one extreme with any tillage shifting the 
system to be more nearly like the other extreme --moldboard plow-- which, typically, has been 
called conventional tillage. Conservation tillage, with its erosion control attributes, can control 
the losses of strongly adsorbed, sediment-transported chemicals. One concern with conservation 
tillage arises from the conflict of desiring to maintain a crop residue on the soil surface and being 
able to incorporate applied chemicals. Efforts are under way to develop specialized equipment 
that can incorporate both nutrients and pesticides without incorporating residue. The other 
major concern is that increased infiltration often measured with conservation tillage will increase 
chemical leaching, particularly for no-till which may have the most macropores coming to the 
surface of the soil. As discussed earlier, water flow through macropores may increase or decrease 
chemical leaching; there is work under way to understand the factors important in determining 
this issue and, hopefully, to devise practices/equipment to take advantage of macropores. 
MSEA Project 
The Iowa MSEA (Management System Evaluation Area) project is part of a new effort 
arising from the federal 1989 Presidential Initiative on Enhancing Water Quality in the twelve-
state North Central Region. Iowa is one of five states that was successful in the competition for 
funding; the other four were Missouri, Nebraska, Ohio, and Minnesota (cooperating with North 
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and South Dakota and Wisconsin). The new initiative was formed to address growing concerns 
over contamination of water resources with N03-N and pesticides. The overall goal of the Iowa 
project is to evaluate the impact of current and emerging farming systems on water quality . The 
specific objectives are: (1) to quantify the factors affecting the fate and transport of agricultural 
chemicals, (2) to determine the effect of crop, tillage, and chemical management practices on the 
quality of surface runoff, subsurface drainage, and groundwater recharge, (3) to identify the 
processes and properties which could relate the common factors across soil, atmospheric, 
geologic, and hydrologic regimes which contribute to water quality, and (4) to evaluate the socio-
economic effects of current and new farming practices that affect water quality. Several 
agencies/units have been involved in the planning and implementation of this work: USDA 
Agencies (ARS, CSRS, SCS, and ES), Iowa State University (Agricultural Experiment Station, 
Cooperative Extension, and Leopold Center for Sustainable Agriculture), USGS, USEPA, and 
Iowa agencies (DNR, DALS). 
The Iowa project comprises three sites on a diagonal from northeast to southwest Iowa. 
The site in northeast Iowa is on the Northeast Iowa Research Center just south of Nashua where 
there are 36 0.4-ha plots being used to determine the effects of crop rotation (continuous corn, 
corn-soybeans, and soybeans-corn) and tillage treatments (moldboard plow, chisel plow, ridge-till, 
and no-till) replicated three times, on the quality of surface runoff and subsurface drainage. The 
tile drains, one down the center of each plot for monitoring, others down the borders of each 
plot to prevent cross-contamination, have been in place since 1979. Cropping with constant 
fertility and herbicide treatments has been continuous since 1977. The capability to monitor 
surface runoff from four plots was just added, and work is nearly complete on a watering system 
to provide sufficient moisture input to guarantee that drainage samples can be collected even in a 
drought year. 
The site in central Iowa is located at two sub-sites -- the Agronomy Agricultural 
Engineering Research Center (AAERC) and the Walnut Creek watershed just south of Ames. 
The site at the AAERC is called the till-hydrology site and is on the Des Moines lobe where eight 
approximate 0.4-ha fields have monitored tile drains. Treatments currently include comparisons 
between no-till and moldboard plow, split (125 kglha) and single (175 kglha) N applications, and 
broadcast and banded herbicides. Monitoring equipment for surface runoff has just been 
installed, and a series of wells from 3 to 125 deep meters exist to study the movement of water 
and chemicals through the soil to the aquifer. The Walnut Creek watershed is a 5200-ha 
watershed that is more than 90% row-crop in the upper 3200-ha portion. Within the upper 
portion, measurements are being made of both tile drainage and surface runoff at two nearby 
field sites, one in ridge-tillage, one chisel-plowed with a no-till treatment to be added in 1992. 
Measurements of water and chemical movement and chemical transformations in soil are made in 
a pothole area. Stream flow and water quality monitoring is performed at three places on the 
main branch of Walnut Creek as it flows from west of Kelley, east down to the Skunk River east 
of I-35. There is a complete inventory within the watershed of the pesticides applied in each field 
and rates and types of application. This information along with field boundaries and land use is 
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being mapped with all the available data in a GIS framework. This will permit the impact of 
different scenarios on water quality to be investigated. 
The site in southwest Iowa is at the deep-loess research station near Treynor, IA. Since 
1964, hydrologic and erosion measurements have been made on four watersheds 30 to 60 ha in 
size, and recently row-cropped in continuous corn. Two of the watersheds are now in ridge-
tillage with one watershed having a double-spaced parallel terrace system with surface inlets. 
Plans are being made to convert one watershed to a strip-cropping system. Measurements are 
made of surface runoff and base flow for all four watersheds, including monitoring for N03-N 
and herbicides. The history of the Treynor site and N03-N permits the evaluation of inputs on 
N use efficiency and water quality. 
For all the sites in Iowa, efforts are being made to better understand the geohydrology of 
the areas relative to water movement between the root zone and the aquifer. In this region, 
water must travel through many different layers. The age of the water at different positions 
within these layers and how these geologic layers are coupled are important in understanding how 
the management systems at the surface are coupled with the quality of the water in the aquifer. 
Detailed maps of the various geologic units will be constructed from well logs throughout the 
areas. 
In addition to field-scale monitoring, "component" research is also being done at the three 
sites. For example, the rate and products, or metabolites, of pesticide degradation in the soil are 
being measured; and movement and transformation rates of different forms of N are being 
investigated. The additional understanding of processes and properties important to water 
quality will be integrated with the larger-scale information through the use of mathematical 
models, which in turn, will be used in socio-economic evaluations of current and new farming 
practices. 
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